The relationship between the magnitude of limitations (measured by patient-reported outcome measures,
used to assess general quality of life or regional or diseasespecific limitations. It may be instinctive to assume a positive correlation between PROMs and PREMs; however, the relationship between these measures is inconsistent even following procedures with a successful track record for reducing impairment (e.g., total hip and knee arthroplasty) [10] [11] [12] [13] [14] [15] . Given that a good patient experience is associated with improved adherence to rehabilitation regimens and overall health, a focus on the interplay between PROMs and PREMs may provide important insights for optimizing health outcomes in patients recovering from musculoskeletal injury or surgery 8, 9 .
To the best of our knowledge, the interrelation between limitations faced by patients who sustain common upperextremity fractures and their levels of satisfaction with their care providers and services experienced in the hospital has not been studied in large populations of patients recovering from these injuries. We performed a prospective, longitudinal cohort study to evaluate the relationship between several widely used PROMs and 2 PREMs at multiple time points during patients' recovery from a shoulder, elbow, or wrist fracture.
Our primary null hypothesis was that the Patient-Reported Outcomes Measurement Information System Upper Extremity Physical Function computer adaptive test (PROMIS UE) does not correlate with satisfaction with care providers (NRS-C) or satisfaction with hospital services (NRS-S) expressed at 6 to 9 months (when recovery is well established) after a proximal humeral, elbow, or distal radial fracture. Secondarily, we assessed this relationship during early recovery within a week after the injury (first visit) and 2 to 4 weeks after the injury. We also tested the correlations of the NRS-C and NRS-S-within a week, at 2 to 4 weeks, and at 6 to 9 months after injury-with a variety of other PROMs, including the PROMIS Physical Function (PROMIS PF) scale, Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) questionnaire, EuroQol 5-Dimensions 3-Level Index (EQ-5D-3L), and Oxford Shoulder Score (OSS), Oxford Elbow Score (OES), or Patient-Rated Wrist Evaluation (PRWE). Finally, to further understand the relationship between PROMs and PREMs, we compared the difference in NRS-C and NRS-S scores between patients scoring in the lower half and those scoring in the upper half of the score range of each PROM.
Materials and Methods

B
etween January 1, 2016, and August 31, 2016, we approached 775 consecutive, new, adult patients with an isolated proximal humeral, elbow, or distal radial fracture at a U.K. level-I trauma center for possible recruitment into this prospective, research and ethics committee-approved study (Integrated Research Application System [IRAS] Number 16/YH/0017).
Inclusion criteria were fluency in English, an age of 18 years or older, and the ability to provide informed consent. Patients were ineligible if they had sustained a concurrent injury, involving the same arm in which they had sustained the shoulder, elbow, or wrist fracture or in any region (e.g., as part of complex polytrauma); refracture during recovery from a previous injury; fracture-dislocation; or a fracture around a previous fixation or joint replacement. (Table I ). Four patients died of an unrelated illness before the last measurement interval (6 to 9 months after injury), and 6 patients could not be contacted.
Participants provided demographic details including education level; marital, social, and work status; and arm dominance. Clinical variables included prior arm fractures, including the side of those injuries; neurovascular compromise; whether the fracture was open or closed; surgical procedures; and adverse events gathered from health records.
The PROMs were completed on a secure, encrypted, web-based data collection platform (Assessment Center, Northwestern University) 16 . Data were captured at baseline (the initial orthopaedic visit following the emergency department visit, at a maximum of 1 week after the injury), early follow-up (2 to 4 weeks after injury, which is a common initial follow-up time period), and final assessment (6 to 9 months after injury, when a substantial proportion of patients are likely to have recovered from the injury) (Table II) . Patients completed assessments in person (70%), by telephone (25%), or via email using an electronic link (5%). We made 3 attempts to contact people by telephone for the 6 to 9-month evaluation.
Injuries were classified by energy (high [e.g., high-speed road traffic accident] or low [e.g., a fall from a standing height]) and by region (i.e., proximal humeral, elbow [radial head, distal humeral, or proximal ulnar], or distal radial fracture). Use of opioid analgesia was defined as regular use of any opiates beyond a 2-week postinjury period; those using opiates prior to injury were counted only if there was an increase in requirements secondary to the fracture. Use of antidepressants included use for a preexisting diagnosis of depression as well as newly diagnosed major depression within the first month following injury.
We selected the most widely used validated PROMs for upper-extremity-specific limitations 17 : PROMIS UE (a computer adaptive region-specific measure of physical function) 18 , PROMIS PF (a computer adaptive generic measure of physical function) 18 , QuickDASH (a fixed-scale region-specific measure of arm-specific disability) [19] [20] [21] , EQ-5D-3L (a fixed-scale measure of general health) 22, 23 , and OSS 24 , OES 25 , or PRWE 26 (fixed-scale measures of joint-specific disability). The PROMIS UE (version 1.0) assesses arm and hand-specific limitations (e.g., writing and lifting heavy objects). Lower scores indicate greater upperextremity disability 18, 27 . The PROMIS PF (version 1.0) assesses the ability to accomplish physical activities ranging from lowintensity tasks (e.g., dressing) to strenuous sports. Lower scores indicate greater limitations 28, 29 . The QuickDASH consists of 11 items related to limitations in physical functioning (e.g., daily tasks and social activities) and arm symptoms (e.g., pain) answered on a 5-point Likert scale. Total scores are scaled from 0 to 100, with higher scores representing greater disability 21 . The EQ-5D-3L comprises 5 domains-i.e., mobility, self-care, usual activities, pain/discomfort, and anxiety/depression-each with 3 possible response levels that provide a 5-digit number that can be converted to a total index score. Higher scores represent greater overall health 22 . The OSS and OES assess the impact of the shoulder and elbow, respectively, on pain, function, and activities of daily life in the previous 4 weeks 24 . Twelve items, each with 5 response categories, form a total score ranging from 0 to 48, with lower scores representing greater disability 24, 25 . The PRWE is a 15-item scale (including pain, specific activity, and usual activity items) measuring self-reported pain and disability related to the wrist with questions scaled from 1 to 10 26 . Total scores range from 0 to 100, with higher scores representing greater disability 26 . Patients used 11-point ordinal scales to quantify their satisfaction with their care providers (NRS-C) and with hospital services (NRS-S).
Statistical Analyses
Descriptive statistics included frequencies and percentages for discrete variables and the mean, SD, and range for continuous variables. Bivariate analysis included Pearson correlation for continuous variables. The strength of the correlations between PROMs and PREMs was classified as high ( ‡0.7), highmoderate (0.61 to 0.69), moderate (0.4 to 0.6), moderate-weak (0.31 to 0.39), or weak (<0.31) 30 . We compared mean NRS-C and NRS-S between patients scoring in the lower half of the PROM scoring ranges and those scoring in the upper half. This analysis was done using the Student t test, after performing a median split for each PROM.
An a priori power analysis indicated that a minimum sample size of 165 patients would provide 90% power to detect a correlation of 0.25 for each diagnosis-specific disability measure, with alpha set at 0.05. All statistical analysis was performed using STATA 14.0 (StataCorp).
Results
T
he PROMIS UE was moderately correlated with the NRS-C (r = 0.56) and NRS-S (r = 0.59) at 6 to 9 months after shoulder, elbow, and wrist fractures (p < 0.001) ( Table III) . The correlation strength was weak at less than a week after injury (NRS-C, r = 0.18; NRS-S, r = 0.16) and moderate-weak at 2 to 4 weeks after injury (NRS-C, r = 0.34; NRS-S, r = 0.36) (p < 0.001) ( Table III) .
The correlation of other PROMs with both PREMs ranged from weak to moderate at less than a week (e.g., QuickDASH versus NRS-C, r = 20.38, and versus NRS-S, r = 20.39), weak to high at 2 to 4 weeks (e.g., QuickDASH versus NRS-C, r = 20.43, and versus NRS-S, r = 20.45), and moderate to high at 6 to 9 months (e.g., QuickDASH versus NRS-C, r = 20.69, and versus NRS-S, r = 20.74) (p < 0.001, unless specified in Table III footnotes) . This sequential increase in correlation strength with each time point was observed for all of the PROMs. The level of correlation between a particular PROM and the NRS-C was similar to the correlation between the same PROM and the NRS-S at every time point. At each time point, for each PROM, patients with scores in the lower half of the PROM's score range were less satisfied with their care providers and hospital services (Table IV) .
Discussion
U sing PROMs and PREMs to quantify a patient's health and care experience can inform the design of better systems of musculoskeletal trauma care. While we expect PROMs to improve during recovery, we rarely study the relationship between PROMs and PREMs over the course of recovery after upper-extremity fractures.
We found that the strength of correlation between armspecific physical limitations measured by a computer adaptive test (PROMIS UE) and patient satisfaction with care providers and hospital services (PREMs) was highest at 6 to 9 months after upper-extremity fracture-i.e., that the strength of this correlation gradually increased over time. In other words, patients appear to be more satisfied with their care when they feel better and can do more. The strength of the correlation of each of the PROMs (which differed by type and by mode of administration) with each of the PREMs used in this study was also relatively consistent. Notably, the correlation strength across different PROMs was variable. This could in part be explained by the differences in measuring one's limitations on the basis on anatomy (i.e., by joint or region) versus general health. The positive correlation and consistent relationship between PROMs and PREMs were reinforced by assessing the relationship with scores in the upper and lower halves of the PROM scoring range.
Patients with diabetes and cardiovascular disease were found to have better physical function and fewer symptoms of depression when they received care in a practice in which they rated their experiences more highly 31 . Similar positive relationships between PROMs and PREMs were found for patients recovering from open carpal tunnel decompression; in that study, significant correlation was shown between a measure of patient satisfaction and patient-reported outcomes as assessed with the QuickDASH score at 1 year 32 . Threshold analysis also showed that the postoperative QuickDASH score and the change in Quick-DASH scores were predictive of patient satisfaction 32 . Another study showed that greater preoperative expectations (another facet of patient experience) prior to rotator cuff surgery were correlated with fewer postoperative limitations as measured with . Another study also showed greater expectations to be significant predictors of fewer limitations at 1 year and greater improvement in ability 34 . Overall, patients reporting greater limitations were less satisfied with their care and services compared with those with fewer limitations.
While our findings demonstrate an increasing correlation between PROMs and PREMs over time, it is perhaps surprising that these correlations were not stronger-particularly at 6 to 9 months, when recovery is often well-established. This could be explained by other factors related to the complex dynamics between patients and care providers and hospital services. For instance, patients could have variable experiences depending on the personal qualities of the care providers they encounter, irrespective of their outcomes. The level of empathy, communication style, and ability to listen and show respect and understanding could variably impact satisfaction with provider experience. Similarly, multiple aspects of hospital services, including difficulty accessing the hospital departments to levels of cleanliness and comfort on the wards, can influence a patient's experience of those services. Nevertheless, it appears that restoration of capabilities and function after an injury might depend not only on resolution of pathophysiological problems but also on enhancing patients' experiences with their health care. Future work should be done to better the understanding of the dynamic between patients and providers and services and to assess whether optimizing facets of care-provider behavior and hospital services early after injury can decrease future limitations and vice versa. Better health care depends on improvements not only in technical elements and treatments to alleviate physical limitations but also in the delivery of a comfortable experience that allows patients to better engage and navigate health-care systems in pursuing better health 35 . This is reflected by the expansion of quality improvement initiatives within current health-care organizations in areas such as communication (e.g., telephone contact/messaging systems) and care coordination (e.g., streamlining pathways and discharge) to enhance patient experience 36 . Providers should also pay close attention to the relationship between PROMs and PREMs if they are to be used as quality metrics in reimbursement programs. A greater understanding of the relationship between patients' physical limitations and their experience of the care they received (e.g., through determining the sensitivity and specificity of measures as well as threshold analysis) and addressing modifiable factors to augment the correlation could support the substitution of PREMs for PROMs and vice versa in certain clinical settings, with the added benefit of reducing responder burden.
The results of this study should be viewed in light of several limitations. First, because of the scope of the analysis and use of relatively simple PREMs, we could not account for influential factors driving the correlation between PROMs and PREMs. Nor could we ascertain reasons why correlations were not stronger at certain time points or why correlation strengths varied among the PROMs. For instance, it is difficult to determine whether patients with poorer outcomes were managed differently by providers, thereby leading to poorer experiences, or whether poor experience ratings were influenced by poor life circumstances reflected in poorer outcomes. Future studies might address a range of explanatory variables in a multivariable regression analysis and incorporate PREMs that more comprehensively assess interactions with care providers and services-e.g., quality of communication and access to services. We considered using PREMs such as the Consumer Assessment of Healthcare Providers and Systems (CAPHS) survey 1, 37, 38 but chose to use numerical rating scales to decrease patient burden. Second, the findings might apply best to our institution, but given the substantial variation in demographics and deprivation we think that they will be reproduced in other settings. Third, for logistical reasons, patients completed the PROMs with different methods-in person, via telephone, or online. However, this approach is standard and variation based on method has been acceptable 39 . Fourth, some responders may have found the process burdensome, especially when similarly sounding items were administered sequentially. This could have been minimized by item randomization, but that would have made programming the digital platform impractically complex. Fifth, floor and ceiling effects were assessed in the combined group; subgroup analysis, especially of higher performing individuals, may have yielded different results. Finally, because we analyzed the correlations between PROMs and PREMs at each time point, we cannot fully ascertain the direction of the relationships. Most likely, recovery and satisfaction were working together over time, such that patients who made good recovery were more satisfied and this increased satisfaction further improved recovery.
Patient limitations (PROMs) and their health-care experiences (PREMs) are increasingly aligned over time during recovery from upper-extremity fracture. Future research might address specific factors influencing the strength of the correlation between PROMs and PREMs and whether an improved patient experience can speed recovery. An improved understanding of the relationship between PROMs and PREMs can help inform the design of high-value, patient-centered musculoskeletal trauma care. n
